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ULTRASONIC BURNER MEANS 
This is a division of application Ser. No. 334,749 ?led 

Feb. 22, 1973, and now Pat. No. 3,808,056. 

BACKGROUND OF THE INVENTION 

Interest in heating thermoelectric generators with 
liquid fossil fuels was enhanced several years ago when 
an ultrasonic atomizer capable of atomizing liquid fuels 
into a mist of ?ne particles was developed. The art had 
previously desired generators heated with liquid fossil 
fuels1 but had been inhibited by de?ciencies in tradi 
tional techniques for atomizing such fuels.z Ultrasonic 
atomizers gave promise of overcoming these de?cien 
cies because of the low fuel pressures used in ultrasonic 
atomization, the very ?ne size of the atomized parti 
cles, and the compact size of the mist of atomized parti 
cles. Designs for thermoelectric generators using ultra 
sonic atomizers followed after the introduction of such 
atomizers; see paper CP 66-3 presented at the Ameri 
can Petroleum Institute Research Conference on Distil 
late Fuel Combustion for 1966 (API Publication No. 
l705)(for suggestions of other burner assemblies gen 
erally intended for uses other than -,in thermoelectric 
generators see other papers in the series CP 66-1 
through CP 66-6 of that publication, API publications 
for other years, and U.S. Pat. No. 3,275,059). 
1. For one reason, gaseous fuels such as propane, which are today 
generally used to heat commerical thermoelectric generators, require 
large, heavy, pressurized storage tanks. These tanks add expense to 
installation and operation of thermoelectric generators, and they 
con?ict with the advantages of portability and small size offered by 
thermoelectric generators. Also, if the variety of liquid fossil fuels that 
are commercially available could be used to heat a thermoelectric 
generator, a ?exibility in fuel selection would result that is desirable for 
many installations of thermoelectric generators. 
2. Some of the de?ciencies in the traditional technique of forcing liquid 
fuel under pressure through a nozzle include: (a) the pressure-ato 
mized spray of fuel is too large for the small combustion chambers 
desired in compact thermoelectric generators; (b) the pressure-ato 
mized fuel particles are relatively large and require large supplies of air 
for combustion, meaning that unduly high percentages of the output of 
the generator are required to drive an air blower; (c) the small—diame 
ter nozzle ori?ce necessary for low rates of fuel ?ow such as used in a 
thermoelectric generator is susceptible to clogging; and (d) the tech 
nique permits only limited adjustment of the amount of electricity 
generated or the variety of fuel used. 

However, despite the prior suggestions for thermo 
electric generators incorporating burner systems based 
on ultrasonic atomizers, and despite signi?cant efforts 
based on those suggestions, no successful thermoelec 
tric generator of this type has ever been produced until 
the present invention. None of the previous suggestions 
was able to satisfy the rather severe requirements for a 
burner system in a thermoelectric generator. A primary 
requirement leading to other requirements is that the 
burner system must be compact to make the generator 
compact. Yet the system must operate at a peak ef? 
ciency so as to maximize the efficiency of the genera 
tor. Further, the system must be capable of long, unat 
tended operation, and the burning must be stable so as 
to provide a stable supply of heat distributed uniformly 
over the hot ends of the thermoelectric legs in the 
generator. 
We have found that a prinicpal reason for the failure 

of the previous designs lies in the scheme provided in 
those designs for controlling the movement of fuel and 
air through the burner system. The prior suggestions 
have not provided a mixing of fuel and air that was 
rapid, thorough, and uniform enough; the mixture of 
fuel and air was not compact enough; and too large 
volumes of air were required. The failure of the burner 
systems previously suggested for > thermoelectric 
generators—they have generally been incapable of 
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2 
long, stable, and trouble-free operation, and they have 
been inef?cient in use of fuel and in use of generated 
electricity to power movement of air-may be traced 
directly to failure to properly control the movement of 
fuel and air through the burner system. Proper control 
of that movement of fuel and air is critical to providing 
long-lasting, ef?cient burner systems based on ultra 
sonic atomizers for use in thermoelectric generators. 

SUMMARY OF THE INVENTION 

The present invention provides a new burner assem 
bly that, as a result of its control of atomized liquid 
fossil fuel and oxidizing gas moving through the assem 
bly, is useful in a thermoelectric generator to achieve 
high ef?ciency and reliable operation. Brie?y, a burner 
assembly of the invention, which is especially useful in 
those thermoelectric generators that include a cylindri 
cal hot plate against which the hot-junction ends of 
thermoelectric legs are disposed, comprises, in align 
ment with said cylindrical hot plate on a central axis, 
(A) blower means spaced on said axis from said hot 
plate and arranged to blow an oxidizing gas along said 
axis toward the hot plate; (B) an ultrasonic atomizer 
between the blower means and hot plate, connected to 
a source of liquid fuel, and having a vibrating horn 
located on said axis from which the fuel emanates 
downstream asa'?n'e mist; (C) a cylindrical wall spaced 
radially around said-horn and connected to said blower 
means so as to convey said oxidizing gas downstream 
from said blowermeans past said horn; and (D) baf?e 
means disposed around said horn and consisting essen 
tially of a set of overlapping vanes that are attached to 
the inside of said wall, extend radially toward said axis, 
and are disposed at an angle to said axis so as to direct 
a ?rst part of the oxidizing gas conveyed downstream 
by the cylindrical wall into a vortex; the innermost edge 
of the vanes being adjacent to, but spaced from, said 
horn so as to de?ne an area through which a second 
part of said oxidizing gas passes unimpeded; and the 
outermost edge of at least part of the vanes being 
spaced from the cylindrical wall so as to permit a third 
part of said oxidizing gas to pass unimpeded along the 
wall so as to contain said vortex into a compact area, 
whereby the flame of fuel supplied by said ultrasonic 
atomizer is kept compact. 
A cylindrical burner housing is generally aligned on 

said axis and extends from said cylindrical wall; and a 
cylindrical, closed-end mantle is aligned on said axis, 
connected to said burner housing, and juxtaposed 
within said cylindrical hot plate. This mantle preferably 
comprises a solid cylindrical wall perforated by a set of 
holes distributed over the mantle so as to provide a 
uniform distribution of heat over the cylindrical hot 
plate. 

DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side elevation view of a thermoelectric 
generator of the invention, with parts broken away; 
FIG. 2 is a section along the lines 2-2 of FIG. 1; 
FIG. 3 is an end view of components from the ther 

moelectric generator of FIG. 1, including a baf?e 
means and ultrasonic atomizer mounted inside a cylin 
drical wall; 
FIG. 4 is a schematic view of a vane of the baf?e 

means of the thermoelectric generator shown in FIG. 1, 
shown with respect to a longitudinal axis through the 
generator; and 
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FIG. 5 is a sectional view of the baf?e means, ultra 

sonic atomizer, and cylindrical wall of the thermoelec 
tric generator of FIG. 1, taken along the lines 5-5 of 
FIG. 3. 

DETAILED DESCRIPTION 

A typical thermoelectric generator 10 of the inven 
tion is shown in FIGS. 1-5. This generator comprises an 
array of thermoelectric legs 11 (only three representa 
tive legs are shown in FIG. 1) disposed regularly 
around a cylindrical hot plate 12 and arranged in heat 
conductive relation with the hot plate (the legs 11 are 
pressed by spring-biased followers 5 that slide in bores 
6 in a cold plate 7, and the cold plate 7 is surrounded 
by a cold shell 8, to which heat-dissipating ?ns 9 are 
attached; the hot plate in a thermoelectric generator of 
the invention could, in less preferred embodiments, be 
?at, and “cylindrical” hot plates may have a cross-sec 
tional shape other than a true cylinder, even being 
square in some cases). 
Heat is supplied to the inside of the cylindrical hot 

plate 12 with a burner means of the invention that 
comprises, in alignment on a central axis 13, a blower 
means 14; an ultrasonic atomizer 15 connected by tube 
means 16 to a source of fuel; a cylindrical wall 17 
spaced radially around the atomizer; baf?e means 18 
disposed around the tip of a horn 19 of the ultrasonic 
atomizer 15; a cylindrical burner housing 20 which 
receives the blower means 14, atomizer 15, cylindrical 
wall 17 and baf?e means 18 and which extends beyond 
the cylindrical wall 17 in a right-angle extension to 
form a combustion chamber 21; and a cylindrical man 
tle 22 connected to said burner housing. An insulating 
jacket 23 surrounds the burner housing 20 and is ?lled 
with a generally ?brous thermal insulation. Openings 
24 are provided in the housing 20 in this embodiment 
to reduce impedance to the ?ow of air caused by the 
blower means 14. 
Ultrasonic atomizers have been described in several 

patents including U.S. Pat. Nos. 3,275,059 and 
3,214,101. As shown best in FIGS. 2-5, a typical atom 
izer useful in the invention comprises a stepped born 19 
that will vibrate at an ultrasonic frequency and that 
includes a base portion 19a and a tip portion 19b, a 
dummy horn 25 to balance the vibrating horn, two 
piezoelectric crystals 26 between the vibrating horn 
and dummy horn, an electrode 27 positioned between 
the piezoelectric crystals and connected through leads 
28 to an ultrasonic-frequency electric power source, 
and ?anges 29 on the vibrating and dummy horns by 
which the atomizer parts are clamped together and to a 
mounting bracket 30 with screws 31. Plastic sleeves 
31a around the screws 31 extend between the ?anges 
29 and through the electrode 27. 
The atomizer 15 is attached to the cylindrical wall 17 

by screws 32 which extend through arms 33 of the 
mounting bracket and through tabs 34 extending in 
wardly from the cylindrical wall. A fuel passage 35 runs 
from the tube means 16 through the vibrating horn 19 
to an outlet 36 in the center of the end of the tip por 
tion 191) of the horn. Fuel fed through the passage 35 
forms as a thin ?lm on the end of the vibrating horn and 
then is vibrated off the horn as a mist of ?ne particles 
or droplets. 
The baf?e means 18 of the thermoelectric generator 

of the invention illustrated in the drawings consists of 
vanes 37 fastened (as by welding) at a point 38 on their 
outer edge to the inside of the cylindrical wall 17 and 
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positioned at an angle to the axis 13 (that is, the angle 
0 shown in FIG. 4). The forward edge 39 of the vanes 
37 terminates in a plane that extends approximately 
through the longitudinal axis 13. Over most of their 
outer edge, the vanes 37 are spaced from the inside of 
cylindrical wall 17 to form a space 40. And the down 
stream portions 41 of the vanes 37 are gradually curved 
inwardly, which increases the distance of those por 
tions of the vanes from the inside of the cylindrical wall 
17. The innermost edge of the vanes is spaced from the 
horn to form a central space 42 around the horn. 
Oxidizing gas (generally air) passing through the 

baf?e means 18 and atomized fuel from the atomizer 
15 mix and pass into the combustion chamber 21 
formed by the burner housing 20. Ignition means are 
provided inside the combustion chamber by two wires 
43 and 44 of a high-temperature-resistant alloy sepa 
rated narrowly at their ends to form a sparking gap. 
The wire 43 is connected to the outer insulating jacket 
23, which in turn is connected to ground through a 
grounding lug not shown, while the wire 44 is insulated 
from the housing 20, jacket 23, and other structure and 
is connected to a source of electric voltage through an 
insulated lead 45 (see FIG. 2). 

In the illustrated thermoelectric generator, the 
burner housing 20 is formed with a right angle so that 
the burning and heated fuel and oxidizing gas mixture 
moves upwardly into the mantle. In other embodi 
ments, which are generally preferred for efficiency of 
burning, the blower means 14, ultrasonic atomizer l5, 
burner housing 20 and mantle 22 are arranged on a 
straight longitudinal axis (note that for purposes herein 
the blower means, ultrasonic atomizer, burner housing, 
and mantle are all regarded as being on the same longi 
tudinal axis 13, though that axis is bent at a right an 
gle). 
As previously noted, the baffle means 18 shapes oxi 

dizing gas blown past the horn of the atomizer by the 
blower means 14 into three components: a component 
de?ected by the vanes 37 into a swirl or vortex pattern; 
a center stream passing through the space 42 between 
the vanes 37; and an outside annular component pass 
ing along the inside of the cylindrical wall 17 through 
the space 40 between the outer edge of the vanes and 
the inside of the cylindrical wall 17. Each of these 
components has an important function. Because of the‘ 
low pressure caused by the swirling movement within 
the vortex component, the mist of atomized fuel is 
rapidly drawn into the stream of oxidizing gas. Also, the 
low pressure of the vortex component causes the ?ame 
to remain closely spaced from the horn. Even if the 
?ame is extinguished because of an air bubble in the 
fuel supply, the heat of the system will quickly reignite 
fuel just off the end of the horn. And burning generally 
can be initiated with fuel and air ?owing at their maxi 
mum rate, which makes electronic control apparatus in 
the generator less costly and complex. 
The center component moving through the space 42 

between the vanes 37 keeps the ?ame away from the 
atomizer horn 19, and cools the horn. The outside 
annular component traveling through the space 40 
provides an outer envelope that tends to con?ne the 
vortex component. It has been found that if the vortex 
component spreads outwardly too much, fuel is depos 
ited on the sides of the burner housing, resulting in 
carbon accumulation and reducing the ef?ciency and 
the uniformity of the heating operation. In general, 
baf?e con?gurations that provide for movement of 
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oxidizing gas having the described three components 
are useful in the invention. , 
To develop a vortex component of suf?cient magni 

tude to achieve a desired mixing of oxidizing gas and 
fuel, there are preferably ?ve or more vanes in the 
baf?e means. Also, the angle 0 between the vanes and 
the axis 13 is generally more than about 20°, and pref 
erably is more than about 40°. On the other hand, the 
angle 0 is generally less than about 70°, and preferably 
is less than about 60°, so as to avoid formation of 
“dead” spaces (areas in which the air isnot moving), to 
minimize impedance for the blower means, to cause a 
desired amount of oxidizing gas to enter the vortex, and 
to keep the ?ame spaced from the tip of the atomizer 
horn. The vanes overlap suf?ciently so that a summa 
tion of the surface areas on one side of the vanes is at 
least 1.2 times, and preferably at least 1.6 times, as 
great as the area subtended by the vanes (that is, the 
area on a plane perpendicular to the central axis of the 
baffle means that would be covered if the vanes were 
projected onto the plane). 
As the heated gases of the combustion process pass 

into the mantle 22 from the combustion chamber 21 
inside the burner housing 20, there is a pressure drop, 
because the cross-sectional area of the mantle is 
greater than the cross-sectional area of the housing 20 
(in this embodiment by about 600 percent ); and this 
pressure drop draws the heated gases into the mantle. It 
is desirable for almost all burning to occur before the 
mixture of fuel and oxidizing gas leaves the housing 20, 
though the ?ame will often extend into the mantle. 
Because the burning is in large part completed within 
the housing 20, the distribution of heat throughout the 
mantle 22 is subject to more control. 
Once in the mantle, the heated gases travel through 

openings 46 in the mantle, then upwardly through the 
space 47 between the mantle and the hot plate, which 
is preferably divided into longitudinally extending pas 
sageways by heat-collecting ?ns 48, and then out 
through openings 49 in the top of the mantle. The 
center portion of the top end of the mantle in FIG. 1 is 
closed so as to force the gases out through the openings 
46. The hot plate 12 is heated both by convection of 
the heated gases in the space 47 and also by radiation 
from the heated mantle. The openings 46 in the mantle 
are arranged in a pattern that is empirically determined 
to cause heating of the hot plate 12 uniformly over its 
surface, and thus will provide a more uniform, ef?cient 
operation of the thermoelectric legs. In the illustrated 
embodiment, there is a greater open area (because of 
more and/or larger openings 46) at the two axial ends 
of the mantle than there is in the area between those 
two end portions, with the largest open area being at 
the downstream end of the mantle. 
As a specific example of a thermoelectric generator 

of the invention, one illustrative thermoelectric genera 
tor was made in the arrangement shown in the drawing 
with parts of the following description: The blower 
means 14 comprised a vane-axial-type'fan, capable of 
blowing about 10 cubic feet of air per minute at a pres 
sure drop of 0.55 inch of water column. The inside 
diameter of the cylindrical wall 17 was 1.95 inches. 
There were six vanes 37 in the baf?e means 18, dis 
posed at an angle of'52° to the longitudinal axis 13 of 
the baffle means, and occupying about 1.8 times the 
area subtended by the vanes. Of the total cross-sec 
tional area inside the cylindrical wall 17, 2.5 percent 
was occupied by the diameter of the tip 19b of the 

vibrating ‘horn of the atomizer, about 5 percent was 
occupiedbythe space 42 betweengthe, tip of the horn 
and the inside edge ofthe vanes 37, about 70 percent 
was occupied by thevanes, and about 22 percent was 
occupied ‘by the space 40 between the outer edge of the 

‘ vanes and the inside of the cylindrical wall. The ultra 
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sonic atomizer 15 was a full-wave, resonant, stepped 
horn ultrasonic atomizer, vibrating at about 77 kilo 
hertz. The burner housing 20 had a height from the 
point 50 in FIG. 1 of 4 inches and an inside diameter of 
2inches. The mantle 22 had an inside diameter of 5.25 
inches and a length of 8.5 inches; and the cylindrical 
hot plate 12 had an inside diameter of 6 inches. Five 
hundred-twelve thermoelectric legs were disposed 
around the hot plate 12, and the hot end of the legs was 
generally heated during operation of the generator to a 
temperature of 1050°F, with a variation between hot 
ends of less than 50°F. 
What is claimed is: 
1. Burner means for achieving high-efficiency burn 

ing of liquid fuels comprising, in alignment on a central 
axis, (A) blower means arranged to blow an oxidizing 
gas along said axis; (B) an ultrasonic atomizer down 
stream from the blower means, connected to a source 
of liquid fuel, and having a vibrating horn located on 
said axis from which the fuel emanates downstream as 
a ?ne mist, (C) a cylindrical wall spaced radially 
around said horn and in line with said blower means so 
as to convey said oxidizing gas downstream from said 
blower means past .said horn; and (D) baffle means 
disposed around said horn and consisting essentially of 
a set of overlapping vanes that are attached to the 
inside of said wall, extend radially toward said axis, and 
are disposed at an angle to said axis so as to form a ?rst 
part of the oxidizing gas that is conveyed downstream 
by the cylindrical wall into a vortex; the innermost edge 
of the vanes being adjacent to, but spaced from, said 
horn so as to de?ne an area through which a second 
part of said oxidizing gas passes unimpeded; and at 
least part of the outermost edge of the vanes being 
spaced from the cylindrical wall so as to permit a third 
part of said oxidizing gas to pass unimpeded along the 
wall so as to contain said vortex into a compact area, 
whereby the ?ame of fuel supplied by said ultrasonic 
atomizer is kept compact. _ 

2. Burner means of claim 1 in which the vanes are 
disposed at an angle of between about 20° and 70° to 
said axis. 

3. Burner means of claim 1 in which the vanes are 
disposed at an angle of between about 40° and 60° to 
said axis. 

4. Burner means of claim 1 in which the total surface 
area on one side of the vanes is 1.6 times as great as the 
area subtended by the vanes. 

5. Burner means of claim 1 in which part of the 
downstream edge of the vanes curves inwardly toward 
said axis from the point of connection of the vanes to 
the cylindrical wall. 

6. Burner means for achieving high-ef?ciency burn 
ing of liquid fuels comprising, in alignment on a central 
axis, (A) blower means arranged to'blow an oxidizing 
gas along said axis; (B) an ultrasonic atomizer down 
stream from the blower means, connected to a source 
of liquid fuel, and having a vibrating horn located on 
said axis from which the fuel emanates downstream as 
a ?ne mist; (C) a cylindrical wall spaced radially 
around said horn and in line with said blower means so 
as to convey said oxidizing gas downstream from said 
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blower means past said horn; and (D) baf?e means 
disposed around said horn and consisting essentially of 
a set of overlapping vanes that are attached to the 
inside of said wall, extend radially toward said axis, 
have a total surface area on one side equal to at least 
about 1.6 times the area subtended by the vanes, and 
are disposed at an angle of between about 20° and 70° 
to said axis so as to form a ?rst part of the oxidizing gas 
that is conveyed downstream by the cylindrical wall 
into a vortex; the innermost edge of the vanes being 
adjacent to, but spaced from, said horn so as to de?ne 
an area through which a second part of said oxidizing 
gas passes unimpeded; and at least part of the outer 

20 

25 

35 

45 

50 

55 

60 

65 

most edge of the vanes being spaced from the cylindri 
cal wall so as to permit a third part of said oxidizing gas 
to pass unimpeded along the wall so as to contain said 
vortex into a compact area, whereby the ?ame of fuel 
supplied by said ultrasonic atomizer is kept compact. 

7. Burner means of claim 6 in which the vanes are 
disposed at an angle between about 40° and 60° to said 
axis. 

8. Burner means of claim 6 in which part of the 
downstream edge of the vanes curves inwardly toward 
said axis from the point of connection of the vanes to 
the cylindrical wall. 

* * * * * 


